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The renal histologic changes associated with congenital
ureteropelvic junction obstruction (UPJO) and the
relationship to clinical imaging have not been well studied.
In order to better understand the histologic alterations of
congenital UPJO and their relationship with clinical imaging
and outcomes, we examined renal biopsies from 61 patients
undergoing pyeloplasty for congenital UPJO. Glomeruli were
analyzed for various injury patterns and the tubulointerstitium
was examined for tubular atrophy/simplification and fibrosis.
Two methods were used to evaluate tubular mass: glomerular
density and morphometric measurement of tubular size and
density. Control specimens were obtained from age-matched
autopsy specimens without renal pathology. Glomerular
changes were identified in 73% of all biopsies and were
present in a range from 1.7 to 91% of glomeruli in each
patient. Overt tubulointerstitial changes were present in 26%
of all biopsies. Fibrosis was noted to occur with
tubulointerstitial changes in a significantly greater fraction
of children over the age of 1 year (P¼ 0.026). Increased
glomerular density was associated with severe
hydronephrosis (Po0.02). Normal glomerular density was
inversely correlated with age (Po0.001), but this relationship
was more variable in UPJO (Po0.01). Among patients
with intact differential function preoperatively (445%),
postoperative functional decline was predicted only by
increased glomerular density. 20 biopsies without overt
tubulointerstitial changes were analyzed morphometrically
and showed a significant reduction in proximal tubular (PT)
size, but unchanged density. Distal tubular (DT) size was
unchanged in UPJO, but density was increased. The PT/DT
ratio was therefore markedly decreased in UPJO (Po0.0001).
Both PT and DT sizes were significantly larger in children with
a diuretic renogram washout time less than 20 min than
those with greater than 20 min, a common threshold for
functionally significant obstruction (Po0.05). Capsular
thickness was significantly increased in UPJO. In all, 36% of
biopsies had a thickness 40.5 mm and this was associated
with greater degrees of tubulointerstitial changes and
glomerular alterations. Congenital UPJO produces a variety
of renal parenchymal changes, which may in part reflect
abnormal development. Some of these alternations are
seen in clinical imaging and may help predict outcomes,
but there is significant discordance between conventional
imaging and histological findings.
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Ureteropelvic junction obstruction (UPJO) constitutes a
significant cause of morbidity in children and exists in a wide
range of severity and clinical manifestations. The cause of
UPJO remains largely unknown, except for a small group in
which crossing vessels have been considered etiological.
Recent studies using genetically engineered mice proposed a
different perspective of the pathogenesis of UPJO and raised
the question of literal pelvic maldevelopment because of
gene mutations such as Pax3Cre-Cnb1 (calcineurin 1)
recombinant mice1 or angiotensin type 2 receptor knockout
mice.2 Renal parenchymal maldevelopment in this condition,
however, has not been addressed in previous human studies.
Investigators have examined the correlation between renal
function and findings in renal biopsies taken during surgical
correction (pyeloplasty) in an attempt to use renal biopsy
results as a predictor of postoperative renal functional
response.3,4 The degree of pathological changes of these
biopsies, however, correlated poorly with renal functional
studies. For example, Elder et al.3 report of 55 patients in
whom 22% of the patients with renal differential function
greater than 40% had abnormal histology (grade 3 or more in
their scale). Also, of those with less than 40% differential
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function, 33% had apparently normal histology or minimal
changes. Han et al.5 evaluated 42 patients to determine
whether there was a pattern of histological change that
correlated with duration of obstruction, but could not
identify any such relationship. Indeed, our previous studies
could only confirm a subset of biopsies with a severe degree
of renal functional impairment that correlated with a high
degree of parenchymal damage (tubulointerstitial and severe
glomerular injury: 420% glomerulosclerosis).6 However,
most biopsies were typified by a lesser extent of glomerular
changes and very limited tubulointerstitial alterations, which
did not correlate at all with renal functional studies.
Several possibilities may explain the lack of clinical–patho-
logical correlation, including sampling error, subjective
assessment and limited individual experience. We therefore
sought to assess the degree of pathological change more
objectively and quantitatively in a large number of biopsies.
In addition, in order to address the possibility of sampling
error, we also performed double biopsies in randomly
selected patients. This analysis identified a number of
changes, some of which correlated with clinical observations
and which suggested developmental abnormalities in the
kidneys of UPJO.
RESULTS
A total of 43 male and 18 female children undergoing
pyeloplasty were studied. Of 61 patients, two had bilateral
biopsies and seven had double biopsies from two different
areas of the same kidney, yielding 70 biopsies. The biopsies
were commonly from subcapsular areas, but occasionally
included deep cortex and medulla (Figure 1). Patient age
ranged from 7 days to 17 years, with a mean age of 37
months. In total, 36 patients were under 1 year of age, and 25
over 1 year. The left kidney was more commonly involved
than the right (35:24).
Glomeruli
A total of 5187 glomeruli were examined, averaging 74764%
(mean7standard deviation) per biopsy. In all, 73% of
biopsies showed glomerular changes, which left 27% with
no changes. The major alterations in glomeruli were sclerosis,
urinary space with periodic acid-Schiff stain (PAS) (þ )
material and/or epithelial proliferation, or cystic dilation
(Figure 2). Of these, 67% of biopsies showed glomerular
sclerosis and/or urinary space with PASþmaterial/epithelial
proliferation. Glomeruli with only cystic dilation comprised
6% of biopsies. Glomeruli in each biopsy with either of
the above changes were counted, and the percentage of
affected glomeruli was calculated. The percentage of affec-
ted glomeruli ranged from 1.7 to 91.1%, with an average of
11.2716.8% (mean7standard deviation) per biopsy.
There was no significant difference between the individual
biopsies of the double biopsy group in terms of percent
affected glomeruli (6.5719.2 vs 8.2%719.5%; P¼ 0.39, paired
t-test). The percentage of affected glomeruli did not correlate
with age or degree of hydronephrosis. The percentage of
affected glomeruli was less in the intact group with radio-
nuclide uptake greater than 45% compared to the group with
uptake less than 45%, but the difference did not reach statistical
significance (P¼ 0.12), using a two-tailed t-test with Welch’s
correction for unequal variances. There was no statistically
significant continuous correlation between these parameters
either. These data suggest that the preoperative function does
not correlate with the percentage of affected glomeruli.
Figure 1 | Low-power images showing two dramatically different
biopsies. The one on the left (a) is a full-thickness section of cortex
with the capsule (upper) and arcuate artery (lower) identifiable. The
tubular mass is markedly diminished and the glomerular density is
high (H&E, original magnification 35). In contrast, the biopsy on the
right (b) is a full-thickness section of the kidney including cortex and
medulla (Masson, original magnification 35). The individual zones
of the kidney are thinned, but the tubular parenchyma appears
intact, except when defined by morphometric studies of proximal
and distal tubular mass (see text and Table 2).
Figure 2 | Glomerular changes are very common in UPJ (73%) and
largely constitute a spectrum varying from epithelial prolifera-
tion, with or without associated Bowman’s space homogeneous
PASþ material and tuft collapse, to overt global glomerulo-
sclerosis (a) (PAS, original magnification 250). One of these tufts
(b, c) (toluidine blue, original magnification 400) was examined by
electron microscopy and the Bowman’s space material was noted to
have a fibrillary substructure similar to Tamm–Horsfall mucoprotein
(d) (electron micrograph; original magnification 45 000).
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Tubulointerstitium
Tubulointerstitial alterations occurred in 26% of all biopsies.
Alterations in the tubulointerstitium can be categorized into
two groups, which could not be further subdivided in terms
of extent of changes (Figure 3). One is tubular simplification/
atrophy or dropout without overt fibrosis (13%) (Figure 3a);
the other is tubular simplification/atrophy or dropout
with overt fibrosis (13%) (Figure 3b). These alterations
were related to the incidence of glomerular changes. In
biopsies with and without tubulointerstitial alterations,
glomerular changes were 27.876.7 and 5.571.0%, respec-
tively (Po0.01). Tubular simplification/atrophy or dropout
without fibrosis was typical of patients o1 year of age. In
contrast, in patients 41 year of age, tubular change with
associated fibrosis was common (P¼ 0.026). A minor degree
of inflammation was seen in only six of 70 biopsies.
In an attempt to quantify the pathological changes in the
tubulointerstitium, we used two methods to evaluate tubular
mass. The first method was to measure the glomerular
density (number of glomeruli (G)/mm2) in each biopsy. We
hypothesized that changes in tubular mass would be reflected
by changes in glomerular density. The area with the highest
density of glomeruli was measured and results were plotted
against age. There was clear demonstration of an inverse
correlation between glomerular density and age in controls,
showing that increasing tubular mass is associated with
decreasing glomerular density. Biopsies from UPJO showed
similar findings, but with much greater variation (Figure 4).
Glomerular density was significantly increased in kidneys
with grades 4 and 5 hydronephrosis as compared with
normals or those kidneys with low-grade hydronephrosis
(Po0.02).
When glomerular density was significantly abnormal,
either increased or decreased, the incidence of tubulointer-
stitial alterations was markedly increased (Figure 5). In
addition, in those patients with essentially intact preoperative
radionuclide uptake (445%), abnormal glomerular density
(o14 or 424 G/mm2) correlated with postoperative func-
tional loss greater than 5% (Po0.05). No other histological
parameter predicted this outcome. These data indicate that
overt changes in tubular mass can be reflected by changes
Figure 3 | Tubulointerstitial changes characterized by loss of
normal tubular mass and replacement by small tubules that
appeared to be either atrophic or maldeveloped tubular
elements. These tubules were associated with a spindle stroma that
was negative (a) or positive (b) in stains that define fibrosis/collagen
deposition (a and b, Masson Trichrome; original magnification 150;
 150). Such tubulointerstitial changes were seen in only 26% of UPJ
biopsies. The occurrence of stromal fibrosis was typical of biopsies
obtained from patients over 1 year of age.
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Figure 4 | In controls (a), glomerular density diminished with age.
The same relationship was seen in the UPJ biopsies (b), but there was
much more variation. The age showed significant skewness and was
therefore normalized using a log transformation (base 10), where 1
month¼ 0, 12 months¼ 2.5, 156 months¼ 5.0 on the log scale. Ages
less than 1 month have negative log values, for example, 0.1
month¼2.3 on the log scale.
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Figure 5 | The complex relationship of glomerular density and
injury with tubulointerstitial change, and extreme ranges of
density (either very low or very high) associated with tubuloin-
terstitial alterations. Low-grade tubulointerstitial changes were
associated with o20% affected glomeruli. High-grade changes were
almost always associated with severe glomerular involvement
(420%).
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in glomerular density and that significant alterations of
glomerular density (and therefore overt tubulointerstitial
changes) may indicate renal functional impairment that was
not detected by preoperative imaging studies.
As glomerular density is unable to predict the variation in
tubular mass in the majority of biopsies where there were no
overt tubulointerstitial changes, we used a second methodol-
ogy to address tubulointerstitial alterations in the remaining
74% of biopsies. We selected 20 biopsies (18 patients) from
the remaining 52 biopsies without overt tubulointerstitial
changes for morphometric analysis. Inclusion criteria inclu-
ded adequate biopsy size and good orientation. The age
of this group ranged from 1 month to 17 years, with an
average of 3 years. For the control group, we selected nine
representative autopsy kidneys that were well preserved and
representing the appropriate age spectrum (from 1 month to
12 years old, with an average of 31 months).
The glomerular changes in these selected UPJ biopsies
ranged from 0 to 19%, with an average of 4.7%. As expected,
controls showed a gradual increase in the mean size of both
proximal tubule (r¼ 0.66, Po0.05) and distal tubules
(r¼ 0.91, Po0.0001) as age increased. In the control group,
the number of tubules/mm2 tended to decrease as age
increased for both proximal (r¼0.57, P¼ 0.10) and distal
(r¼0.76, Po0.05) tubules. In contrast, both proximal and
distal tubules of UPJ biopsies show much greater variation in
size and number/mm2 with increasing age (r¼ 0.5, Po0.05
for proximal tubule size and r¼ 0.31, P¼ 0.18 for distal
tubule size; r¼0.48, Po0.05 for proximal number and
r¼0.56, Po0.05 for distal number) (see Table 1 for
summary and comparison).
The mean PT size of the UPJ group was significantly
smaller than that of the controls (23957863 vs 31647
605 mm2, P¼ 0.02), whereas the number/mm2 remained
similar (277775 vs 249748, P¼ 0.31). The mean distal
tubular (DT) size between the UPJ and control group was
similar (15217406 vs 15057333 mm2, P¼ 0.92). In contrast,
the number of distal tubules/mm2 was significantly increased
in the UPJ group compared to that of the control group
(251788 vs 154733, Po0.01). The PT to DT mass ratio
(PT/DT ratio) was significantly decreased in the UPJ group
compared to controls (1.970.5 vs 3.570.8, Po0.0001) (see
Table 2 for summary and Figure 6 for comparison). All
PT/DT ratios in the UPJ group were decreased, with two
exceptions. One was 17 years old and the other was 19
months old. Both biopsies showed well-preserved PT mass.
These results clearly demonstrate a significant increase in DT
mass (by an increase in the number of tubules) with a
concomitant decrease in PT mass (by a decrease in the size
of tubules).
The relationship between glomerular density and tubular
measurement was analyzed (Table 3). In the control group,
glomerular density was positively correlated with tubular
number (r¼ 0.75, Po0.05), but negatively correlated with
tubular size as expected (r¼0.80, Po0.01). In the UPJ
group, a trend of increasing tubular number with increasing
Table 1 | Correlations between age and tubule measurements
Control group (n=9) UPJ group (n=20)
Variable Pearson’s r P-value Pearson’s r P-value
PT size (mm2) 0.66 o0.05* 0.50 o0.05*
DT size (mm2) 0.91 o0.0001** 0.31 0.18
PT density 0.57 0.10 0.48 o0.05*
DT density 0.76 o0.05* 0.56 o0.05*
PT=proximal tubule; DT=distal tubule.
*Significant.
**Highly significant.
Table 2 | Comparison of the tubule measurements between
control and UPJ groups
Control group (n=9) UPJ group (n=20)
Variable Mean7s.d. Mean7s.d. P-value
PT size (mm2) 31647605 23957863 0.02*
DT size (mm2) 15057333 15217406 0.92
PT density 249748 277775 0.31
DT density 154733 251788 o0.01**
PT/DT mass ratio 1.970.5 3.570.8 o0.0001**
PT=proximal tubule; DT=distal tubule; s.d.=standard deviation.
*Significant.
**Highly significant.
Figure 6 | Medium power of a renal biopsy from a 2-month-old
patient with UPJO (a) and control (b) of equivalent age. In the
silver methenamine preparation (UPJ), maintenance of the renal
parenchyma is clearly demonstrated. There is no interstitial fibrosis
and tubular atrophy, but distal nephron segments characterized by
limited and relatively clear cytoplasm appear very prominent, and
proximal tubules characterized by abundant granular and relatively
dark cytoplasm, as well as a brush border, appear smaller. In contrast,
control sections (H&E), taken at equivalent magnification, show much
lesser degrees of distal nephron representation. The majority of
tubules shown in the figure are proximal tubules characterized by
granular homogeneous cytoplasm in this H&E preparation. Controls
had only H&E preparations available, because of the difficulty in
retrieving blocks in this population that spans such a long time
period. Silver methenamine preparations serve to highlight the distal
nephron population in photomicrographs particularly well, but both
H&E and silver methenamine stains are equally suitable for morpho-
metric analysis. Original magnifications UPJ:  200; control:  200.
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glomerular density (r¼ 0.48, Po0.05) and a trend of
decreasing tubular size with increasing glomerular density
(r¼0.55, Po0.05) were observed.
There was no correlation between morphometric findings
and radionuclide uptake on Tc99m mercaptoacetyltriglycine
or Tc99m dimercaptosuccinic acid studies. The only func-
tional parameter that correlated with morphometric data
was diuretic washout time (t1/2). The mean PT and DT sizes
in kidneys with a diuretic washout time (t1/2) less than
20 min were significantly greater than in kidneys with t1/2
greater than 20 min (P¼ 0.009 for PT; P¼ 0.03 for DT),
suggesting that preservation of normal PT and DT size is
associated with shorter washout times and presumably lesser
degrees of obstruction (Figure 7).
Capsular thickening
Capsular thickness was measured in controls (n¼ 10) and
UPJ biopsies in which the capsule was clearly intact (n¼ 48).
All controls had capsules o0.5 mm, but 36% of the UPJ
biopsies had 40.5 mm. Indeed, three biopsies of patientso6
months of age had capsules 41.0 mm and were the thickest
of the entire group. Biopsies with thicker capsules were three
times more likely to have a greater incidence of injured
glomeruli (420%) and twice as likely to have tubulointer-
stitial injury.
DISCUSSION
In our previous study of the pathological correlates of UPJO,
glomerular changes constituted the most consistent easily
definable abnormality6 and largely formed the basis for
a grading system of parenchymal injury: that is, low grade
(1 and 2) was characterized by limited glomerulosclerotic
change and minimal tubulointerstitial injury. Grade 3 cases
included more prominent glomerular sclerosis as well as mild
interstitial fibrosis and tubular atrophy. Severe alterations
(grade 4) consisted of many sclerotic glomeruli (420%), and
extensive loss and atrophy/simplification of tubules. Only
grade 4 changes were consistently associated with serious
reduction in renal function on imaging studies. A variety
of glomerular patterns was seen ranging from limited to
extensive extracapillary proliferation, with or without weakly
PAS-positive material in the urinary space of glomeruli
(Tamm–Horsfall protein),7–9 tuft collapse and sclerosis, as
well as cystic dilatation of Bowman’s space. Occasional
glomerulosclerosis has been considered to be within the
range of normal. In the present study, we calculated the
percentage of affected glomeruli in each biopsy; however,
such glomerular changes were not consistently correlated
with renal function or the degree of hydronephrosis.
Overt tubulointerstitial changes were less common,
being present in 26% of all biopsies, and moderate to severe
in only 11%. In patients 41 year of age, tubular changes
with associated fibrosis were more common, suggesting that
congenital hydronephrosis may be a progressive condition
with ongoing deleterious effects on the kidney, particularly
fibrosis. When tubulointerstitial changes were marked,
glomerular injury was also at a high level (420%).
Assessment of renal tubular mass was performed in two
ways: glomerular density (evaluated in all biopsies) and
morphometric evaluation of 20 UPJ biopsies in which there
was no overt tubulointerstitial alteration. As noted above,
abnormal glomerular density (either high or low) predicted
the presence of tubulointerstitial injury.
However, the most interesting findings were made in
kidneys in which there were no tubulointerstitial changes
(these kidneys were also characterized by a low level of
glomerular damage). The proximal tubules in these UPJ
biopsies were smaller than those of controls, but their
number/mm2 was equivalent. In contrast, the DT size was
similar to that of controls, but their number/mm2 was
increased. These findings were emphasized when the ratio of
PT to DT mass showed a significant reduction. This kind of
PT growth limitation has not been described previously and
reflects renal maldevelopment of a lesser extent than the overt
dysplasia seen in a few patients with UPJ and in some animal
models.10,11 It is, however, likely to be the most common
change in the kidney with UPJO, and was present in 18 of 20
biopsies examined of those without overt changes. Indeed,
reduced PT growth was also reflected in clinical imaging
studies as indicated by the observation that the mean PT size
in kidneys with diuretic washout times (t1/2) less than 20 min
was significantly larger than those kidneys with a t1/2 greater
than 20 min (P¼ 0.009). It is to be noted that these PT
changes bear no relationship to PT dysgenesis, where there is
diffuse immaturity and shortening of the proximal tubule.12
Table 3 | Correlations between glomerular density and tubule
measurements
Control group (n=9) UPJ group (n=20)
Variable Pearson’s r P-value Pearson’s r P-value
PT+DT size 0.80 o0.01** 0.55 o0.05*
PT+DT density 0.75 o0.05* 0.48 o0.05*
PT=proximal tubule; DT=distal tubule.
*Significant.
**Highly significant.
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Figure 7 | Mean PT and DT sizes in kidneys with diuretic washout
time (t1/2) less than 20 min were significantly greater than in
kidneys with t1/2 greater than 20 min in UPJO. *P¼ 0.009 (PT);
*P¼ 0.03 (DT).
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While most of our pathological parameters did not corre-
late with Tc99m mercaptoacetyltriglycine or Tc99m dimercap-
tosuccinic acid radionuclide uptake, certain results were very
interesting. In patients with essentially normal radionuclide
uptake preoperatively (445%), the only histological para-
meter that correlated with postoperative functional loss was
an elevated glomerular density (P¼ 0.026). The latter
observation suggests that the observed ‘normal’ radionuclide
uptake did not really reflect normal parenchyma. Further-
more, glomerular density was significantly increased with
higher degrees of hydronephrosis (Po0.02). These results
support our approach using quantitative/semiquantitative
methods to assess tubular mass.
Another interesting finding was the occurrence of a
thickened capsule in 36% of UPJ biopsies, reaching 1.5 mm
in three infants o6 months of age (controls never measured
more than 0.4 mm). This observation is in concert with
studies showing that metanephric cultures, after exposure to
transforming growth factor-beta, an important growth
regulator, reduce their mass and develop a thicker capsule.13
transforming growth factor-beta has been shown to be
upregulated in the urine of human patients with UPJO,14
as well as in the renal parenchyma of experimental fetal
renal obstruction.15,16 In addition, a functional role of the
renal capsule in normal renal development was illustrated
in a recent genetically engineered mouse model.17 The renal
capsule of mutant mice with the deletion of forkhead
transcription factor (Foxd1) contains heterogeneous layers
of cells in contrast to the single layer in wild type.
Interestingly, aberrant expression of bone morphogenetic
protein 4 (a member of the transforming growth factor-beta
family) was identified in the mutant renal capsule, which
induces ectopic phosphor-Smad1 signaling in nephron
progenitors and, in turn, causes mispatterning of the ureteric
tree, while delaying and disorganizing nephrogenesis. It
should be noted that this increased capsular thickness might
be purely a response to mechanical strain.
Taken together, these findings suggest that congenital
UPJO produces a variety of parenchymal changes in the
kidney, which may in part reflect abnormal development. It
must be emphasized that the altered PT/DT ratio occurred
in kidneys without overt tubulointerstitial changes and with
limited glomerular injury, indicating that the altered PT/DT
ratio is not secondary to glomerular injury. Thus, when overt
tubulointerstitial changes are present, one might presume, at
least in some kidneys, another pattern of blastemal redirec-
tion. Indeed, blastemal growth shifts to smooth muscle18 are
well documented in situations of more complete urinary tract
obstruction, where overt dysplastic change is frequently seen.
Interestingly, even in nephrectomies for UPJO, dysplasia was
not identified in one series of 17 cases19 and our experience
confirms this observation, although we have not included
kidneys that were removed because of extremely reduced
function in this series.
Many of these findings in the UPJ renal biopsies are quite
different morphologically from those of present animal UPJ
models.11 This report should serve as a guideline for the
development and evaluation of future models, as well as a
basis for re-examination of current models of UPJO.
MATERIALS AND METHODS
Clinical
This prospective study included patients with UPJO who underwent
reconstruction or nephrectomy in Children’s Hospital, Boston,
during the period 1997–2001. A total of 61 patients underwent
pyeloplasty with biopsy for presumed UPJO at a mean age of 34
months (range 0.3–209). Biopsies were performed to provide
prognostic information as suggested by Stock et al.3
Hydronephrosis grade (1–5; 5 being most severe) was assessed
based on various imaging studies including ultrasonography,
intravenous pyelography or computed tomography scan. Determi-
nation of renal function was performed using radionuclide renal
imaging, either Tc99m dimercaptosuccinic acid or Tc99m mercap-
toacetyltriglycine. The split renal function reflects the relative uptake
of tracer at 2 min postinjection by the two kidneys such that the sum
of the values for each kidney equals 100%. A normal kidney
contributes approximately 50%.
Indications for surgery reflected individual physician preferences
and parental choice. In general, surgery would be recommended for
patients with split renal function of o35% in the affected kidney.
Surgery was similarly recommended for those with symptomatic
presentation. Surgical indications are controversial and remain in a
state of evolution for those with prenatal, asymptomatic presenta-
tion. Some of the patients are enrolled in an ongoing prospective
trial of the management of prenatally detected severe unilateral
ureteropelvic junction obstruction.
During surgery, aberrant renal vessels crossing the UPJ were
identified in 10 patients, whereas there was no evidence of extrinsic
compression in the remaining 53 kidneys. Each patient underwent
reconstruction of the UPJ (pyeloplasty), and wedge biopsies were
obtained (see below).
Morphological
Renal wedge biopsies were performed during pyeloplasty and
submitted for histological evaluation. A total of 61 patients were
included in this series with 70 biopsies (52 single biopsies, seven
double biopsies, two bilateral biopsies). The renal biopsy tissue
was fixed in Bouin’s solution, cut at 2–3 mm and stained with
hematoxylin and eosin, PAS, silver methenamine and Masson
trichrome. Two biopsies were excluded from the database, one with
an obstructing papilloma and the other with dysplastic changes
making quantification difficult (see below).
Glomeruli were counted in the best single slide to assess the
number included in the biopsy and these glomeruli were further
subdivided into those that were normal and those with global
sclerosis, extracapillary proliferation and/or eosinophilic/PASþ
material, and cystic change. The percentage of affected glomeruli
was derived by dividing the abnormal glomeruli by the total number
of glomeruli in the biopsy.
The tubulointerstitium was evaluated semiquantitatively using
a grading system. The tubular injury was of two types: tubular
simplification/atrophy or dropout, with and without fibrotic
change; each of these was assessed on a 0–4 scale. When the
tubulointerstitial changes were very focal or limited, grades 0–1þ
were assigned. With multiple foci evident, the changes were
considered grade 2. As the process became confluent, grades 3 and
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4 were designated. A few biopsies showed Tamm–Horsfall protein
extravasation in the interstitial tissues as part of these more severe
alterations. The presence or absence of hypertrophic changes was
noted. Masson trichrome staining provided evidence of fibrosis.
Two methods were used to evaluate tubular mass: (1) calculation
of the number of G/mm2 in each biopsy and (2) morphometric study
of both proximal and distal tubules in a subset of biopsies (see
below). The inclusion criteria for the morphometric study include
well-oriented specimens and no overt tubulointerstitial changes. We
measured four contiguous 0.25 mm2 areas within the subcortical area
of each biopsy. Without tubular injury, proximal tubules were fairly
easily identified, that is, brush border and granular cytoplasm. Distal
tubules (including collecting ducts) are characterized by more limited
relatively clear cytoplasm and without brush border. The cross-
section area of each tubule was measured. The outline of a given
tubule was utilized to assess its area. Prior to morphometric analysis,
the presence of lumens was considered. Since tubular dilatation is not
a component in the selective biopsies (see Figure 6a), analysis of
luminal space was not carried out. We used Bioquant NOVA Version
5.50.8 software to perform morphometric analysis. Calculations were
made of tubular size, numbers and PT/DT mass ratio.
Capsular thickness was measured in biopsies in which the
capsule was clearly intact (n¼ 48) and in controls (n¼ 10).
A total of 37 control kidneys were from autopsies of hospital
files. The criteria for inclusion were death related to an acute event
in an otherwise apparently healthy individual. The age of the control
specimen was between 2 days and 12 years old (mean 2 years 10
months).
Statistical analysis
Continuous variables including size and number of proximal and
distal tubules as well as PT/DT mass ratio were evaluated using the
Kolmogorov–Smirnov goodness-of-fit statistic and found to follow a
normal Gaussian-shaped distribution.20 Therefore, UPJ and control
groups were compared using the two-sample Student’s t-test with
data presented in terms of mean and standard deviation. The
correlation between tubule measurements and age as well as tubule
measurements and glomerular density for UPJ patients and controls
was measured using the Pearson product–moment correlation
coefficient (r). In addition, the relationship between glomerular
density and age was evaluated using linear regression, with the
variables transformed on a log–log scale in order to obtain better fit
to the data since age and density demonstrated skewness.21 The
adjusted R-squared (R2) statistic was used to indicate the proportion
of glomerular density accounted for by age.22 Analysis of variance
with post hoc Tukey comparisons was used to evaluate differences in
PT and DT size as a function of diuretic washout time (t1/2) as well
as DT density and PT/DT ratio according to hydronephrosis grade.
The w2 test was used to assess whether tubulointerstitial altera-
tions were dependent on glomerular density. Contingency table
analysis was performed using Fisher’s exact test. For all statistical
comparisons, a two-tailed P-value less than 0.05 was regarded as
significant and Po0.01 as highly significant. Analysis of the data was
performed using the SPSS statistical package (version 12.0, SPSS
Inc., Chicago, IL).
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